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GENERAL INTRODUCTION 
Early research had been directed at the toxic qualities of selenium 
(Underwood, 1956). When Schwarz and Foltz (1957) discovered that low 
levels of sodium selenite prevented liver necrosis in vitamin E-deficient 
rats, selenium was suggested as an essential dietary nutrient. Selenium 
was also found to prevent other vitamin E deficiency conditions in 
chicks (Scott et al., 1957) and young ruminants (Muth et al., 1958). 
Attempts to document the essentiality of selenium in the presence 
of vitamin E was complicated by three factors: 1) the minute quantity 
of selenium required for normal function^ 2) the natural presence of 
selenium in most proteins, and 3) the close relationship of selenium 
to vitamin E. Using crystalline amino acids or Torula yeast to formulate 
selenium-deficient diets, the dietary essentiality of selenium was 
established (Thompson and Scott, 1969, 1970). 
Selenium deficiency has been considered a laboratory curiosity. 
Such a small level of selenium is required for normal function that 
nutritionists and veterinarians believed that deficiencies of selenium 
were unlikely in practical swine diets. Reported outbreaks of disease 
in swine from New Zealand (Hartley and Grant, 1961) and the United 
States (Michel et al., 1969), however, have been attributed to selenium 
dc irxciêncy. 
The observation that selenium functions independently of vitamin E 
and the discovery that selenium is a component of the enzyme, glutathione 
peroxidase, has established the essentiality of selenium (Rotruck et al., 
1973: Flohe et al., 1973). Research into the role of selenium and 
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antioxidants in aging (Harman, 1978) and the implication of selenium 
therapy for the prevention of cancer (Schrauzer, 1976) has assured 
selenium a place in future research. 
Thompson and Scott (1970) reported that severe selenium deficiency 
in chicks resulted in pancreatic degeneration and a decrease in the 
activity of trypsin, chymotrypsin, and lipase in the pancreas. A 
decrease in fat digestibility was also observed. Glienke and Ewan 
(1977) demonstrated a relationship between selenium deficiency and 
nutrient digestibility in weanling pigs. They determined that apparent 
digestibility of dry matter, nitrogen, and ether extract was signifi­
cantly improved with dietary selenium supplementation. 
A reduction in the activity of the pancreatic enzymes could account 
for the reduction in apparent digestibility of selenium-deficient pigs 
reported by Glienke and Ewan (1977). Our study was conducted to ascer­
tain the effect of selenium deficiency on the activity of the digestive 
enzymes in the pancreas. Using weanling pigs from sows fed a selenium-
vitamin E-deticient diet, pig performance, pancreciLiu digestive enzyme 
activity, serum and pancreas selenium concentration and glutathione 
peroxidase activity and apparent digestibility of dry matter, nitrogen^ 
and ether extract were measured in a 4-week study. 
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GENERAL LITERATURE REVIEW 
Selenium as a Nutrient 
The characteristics of selenium toxicity were described in ruminants 
and horses as alkali disease and blind staggers (Madison, 1860). with 
the advent of new analytical techniques, the toxic agent responsible 
for these diseases was determined to be selenium (Franke, 1934). 
Trelease and Beath (1949) summarized the status of selenium knowledge 
at that time; "Selenium appears to be required by few plants, toler­
ated by others and, as far as we know, it is toxic but never beneficial 
to animals or men." 
Schwarz (1951) classified three substances, vitamin E, L-cystine, 
and an unidentified factor. Factor 3, that would prevent liver necrosis 
in rats. He observed that Factor 3 activity was absent in Torula yeast, 
while present in other natural products such as brewer's yeast, "vitamin-
free" casein, and liver. Extensive work was begun to isolate Factor 3 
from various source materials. it was determined chac che faeuur was 
strongly bound tc the protein fraction ef the material and required 
enzymatic or acid hydrolysis for its extraction. A fifteen ste: 
cation process was employed to obtain higniy active Factor 3 prepara­
tions. During attempts to further purify these preparations, it was 
observed that highly purified Factor 3 gave off a strong garlic-like 
odor upon addition of alkali (Schwarz and Foltz, 1957). This was similar 
to the odor found on the breath of animals in a state of selenium 
coxicity. Analysis of Factor 3 concentrates of various sources and 
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purities showed a high degree of correlation between selenium content 
and biopotency against liver necrosis in vitamin E-deficient rats 
(Schwarz and Foltz, 1957). When known organic and inorganic selenium 
compounds were found to prevent liver necrosis in rats, they suggested 
that selenium might be a nutritionally essential element (Schwarz and 
Foltz, 1958). 
Investigators nave tested the efficacy of selenium supplementation 
in other vitamin E deficiency conditions. Exudative diathesis in 
chickens was produced by feeding vitamin E-free diets containing Torula 
yeast (Scott et al., 1955). Patterson et ai. (1957) and Scott et al. 
(1957) demonstrated that organic products containing Factor 3 activity 
and inorganic sodium selenite were effective in preventing exudative 
diathesis. Eggert et al. (1957) demonstrated that selenium or vitamin 5 
would prevent liver necrosis (hepatosis diaetetica) in swine fed vitamin 
S-selenium-deficient diets. Degeneration of cardiac and skeletal muscle, 
symptoms of nutritional muscular dystrophy in swine, was also prevented 
by selenium or vitamin E (Pellegrini, 1958). Attempts to prove tnat 
white muscle disease in ruminants was due to uncomplicated vitamin Z 
deficiency were unsuccessful. Much et al. (1958) and Kogue (1953), 
examining the efficacy of selenium on this condition, found that selenium 
was effective in preventing white muscle disease. Field cases of these 
diseases have been reported for chickens (Hartley and Grant, 1961; 
Salisbury et al., 1962), ruminants (Tustin, 1959; Oksanen, 1955), and 
swine (Docd and Mewling, 1980: Hartley and Grant; 1961). 
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Biochemistry of Selenium Metabolism 
Trelease and Beath (1949) showed that most plants and several 
microorganisms will incorporate selenium or sulfur into tissue proteins 
at the same ratio present in the growing media. This is due to compe­
tition for specific binding sites in the cell membrane demonstrated by 
Leggett and Epstein (1956) and confirmed by Shrift (1958) through the 
use of radioactive selenium and sulfur. Schubert et al. (1961) reported 
that ewes fed diets supplemented with .1 ppm selenium, as sodium 
selenite, and .1% sulfur, as sodium sulfate, gave birth to lambs exhib­
iting signs of white muscle disease. When the supplemental sulfur was 
removed, the incidence of white muscle disease was eliminated. Appar­
ently the sulfur was interfering with the uptake and/or incorporation 
of selenium from the diet. 
A similar relationship as that seen between sulfur and selenium 
exists for methionine and selenomethionine. In most plant and animal 
tissues, there is no distinction made by the protein biosynthetic appar­
atus between the two amino acids. Hansson and Blau (1963) showed that 
selenomethionine was incorporated into pancreatic juice at a similar 
rate as methionine. Martin and Gerlach (1972) demonstrated that seleno 
analogs of taurine and other methionine metabolites were formed from 
selenomethionine in chicks and mice. Certain plants such as Stanleys 
pinnate and some species of Astragalus accumulate selenium as seleno-
amino acids such as methylseleno-cysteine and seleno-cystathionine which 
are not incorporated into protein (Shrift and Virupaksha, 1965). This 
allows them to tolerate extremely high and toxic concentrations of 
6 
selenium in their tissues. 
Since most selenium in natural feeds is present as seleno-amino 
acid, work has been done to ascertain the difference between inorganic 
selenium and seleno-amino acid incorporation in animals. Jenkins and 
Hidiroglou (1971) demonstrated that ' ^Se-selenomethionine is incorpo­
rated into milk protein having the highest level of methionine while 
^^Se-selenite was found in the high cystine fraction. Ehlig et al. 
(1967) showed that labeled selenomethionine was better utilized than 
labeled selenite for the deposition of selenium in lamb tissues. Cantor 
et al. (1975b) showed that selenomethionine was more effective in pre­
venting pancreatic degeneration in chicks than selenite. However, in a 
related study, Cantor et al. (1975) observed that selenocystine and 
selenite were more effective in preventing exudative diathesis in chicks 
than selenomethionine. Selenomethionine is used for the synthesis of 
protein and selenocystine. The selenomethionine used for protein bio­
synthesis is unavailable for selenocystine synthesis. Because selenium 
as selenocystine seems co be required for die uicveaLiOii of exudative 
diathesis, direct supplementation of selenocystine was more effective 
McConnell and Van Loon (1955) believed that selenium was associated 
with proteins as seleno-amino acids or by linkage to sulfhydryl groups. 
McConnell and Mabnitz (1957) and Rosenfield (1952) prepared tissue 
hydrolyzates from animals injected with radioactive selenite. The amino 
acids in the hydrolyzates were separated by paper chromatography. Radio­
active selenium was found co cochromacograpn with cystine and methionine. 
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and they suggested that the selenite was incorporated into the sulfur 
amino acids. Schwarz and Sweeney (1964) demonstrated that sulfur com­
pounds bind selenite and that selenite will migrate with the sulfur 
compounds during chromatography. They suggested that chromatographic 
results did not establish the biosynthesis of seleno-amino acids. 
Schlossman et al. (1962) reported that yeasc could assimilate 
inorganic sulfate into cysteine via the reaction of serine with hydrogen 
sulfide using sulfite as an intermediate. The use of radioactive sulfur 
led to the identification of serine sulfhydrase (cysteine synthase) as 
the enzyme responsible for catalyzing the reaction. Bruggmann et al. 
(1962) demonstrated that serine sulfhydrase was present in tissues of 
chicks and rats, especially liver, kidney, and brain. If the function 
of this enzyme in animal tissues was similar to its function in yeast 
then this might provide a route for the incorporation of inorganic sul­
fide or selenide into proteins. Waldschmidt (1962) incubated rat liver 
homogenates with labeled sulfide and sulfate to examine the difference 
in incorporation rates. The concentration or sulfide incorporaueJ luuv 
protein was 20 tc 50 times that of sulfate. Hov/ever, an iji vivo study 
produced relatively equal incorporation rates for sulfate and sulfide. 
35 
The presence of S in the intestine arter intra-cardial injection of 
the ^^S-solution suggested that intestinal bacteria may play a role in 
the reduction of sulfate to sulfide before incorporation. They concluded 
that inorganic sulfate is not used for protein biosynthesis because 
mammalian tissues are unable to reduce sulfate to sulfide efficiently. 
Olson and Palmer (1576) found a high level of 2,7-diamino-4,thia-5-
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selenoaoctanedioic acid, containing a sulfoselenocystine moiety 
(CySSeCy), in liver and kidney of rats administered ^^Se-selenite. They 
suggested that the selenocystine portion was formed by reduction of 
selenite to selenide with subsequent incorporation into cysteine by the 
action of serine sulfhydrase. Walter et al. (1969), however, showed 
that 2,7-diamino-4-thia-5-selenoaoctanedioic acid can be formed if the 
seleno-seleno bond of selenocysteine is cleaved in the presence of 
cysteine. 
Attempts have been made to identify the biologically active form 
of selenium in seleno-compounds. McConnell and Roth (1966) suggested 
that seleno-amino acids might be formed in monogastrics by the reduction 
of selenite to selenide with an exchange between -SH and -SeH in the 
sulfur amino acid. Cummins and Martin (1967) identified seleno-amino 
acid compounds found in the urine of rats and serum of chicks as sulfur 
amino acid-selenium complexes. This supported the original suggestion 
of a sulfur-selenium-sulfur bridge (Painter, 1941). However, the pres­
ence of this selenotrisuifide (RSSeSR} was not confirmed uncil ic was 
isolated by Ganther (1908). 
Diplock et al. (1971) showed that, when rats were given radioactive 
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sodium selenite. Se present in the liver subcellular organelles was 
an acid-volatile material identified as selenide. Diplock et al. (1973) 
trapped this acid-volatile compound in a silver nitrate solution showing 
that it was not dimethyl selenide, a product of selenium metabolism. 
They suggested that the compound was hydrogen selenide. Referring to 
the mechanism for the formation of methylated selenium derivatives 
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proposed by Ganther (1970); 
„ Glutathione • NADPH methionine 
SeO_ GSSeSG -•) (GSSeH) •) 
Glutathio' le 
•reductap e 
they suggested that the normal biosynthesis of selenide-containing pro­
teins may require the first two reactions and that the labile intermedi­
ate selenol (GSSeH) is the precursor of selenide. Subsequently, Diplock 
and Lucy (1973) suggested that selenide is the biochemically active form 
of selenium. 
The efficacy of selenium in preventing some vitamin E deficiency 
conditions in conjunction with the observations that vitamin E may func­
tion as a lipid soluble antioxidant prompted Bieri (1959) to administer 
selenium to chicks deficient in vitamin E. He demonstrated reduced 
lipid peroxidation and increased antioxidant activity in chick tissues. 
Hamilton and Tappel (1953), reproducing the results of Bieri (1959) with 
chicks, rats, and sheep, proposed that seleno-proteins functioning as 
OX''(iHutis 2.Ctii.vs zoirms oz ssi.—ni-iitn in vxvo, S0i0notîi0Lni.on.i.n0 
was found to contain 50-100 times more antioxidant activity than vitamin 
E on a molar basis (Tappel, 1965). Certain synthetic antioxidants, such 
as ethoxyquin and amylhydroquinone, were also shown to be effective in 
reducing respiratory decline in rat liver (Mertz and Schwarz, 1958) and 
decreasing formed peroxides in chick liver (Machlin et al., 1959), but 
they were considerably lower in efficacy than vitamin E. Comparing his 
findings on vitamin E and selenium efficacy in prevention of lipid 
o ^ n O A ^  ^  ^/a 1 ^ ^ -• 
^ N— C* U. ^ ti ^  «lAMl C*. V — k. Con. & 
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Rotruck et al. (1971) demonstrated that vitro peroxidative 
hemolysis of red blood cells from vitamin E-deficient rats could be pre­
vented with administration of selenium. Barker et al. (1973) and Horn 
et al. (1974) reported the same effect in vitro for vitamin S. However, 
Fontaine and Valli (1977) showed that selenium supplementation did not 
reduce the level of red blood cell lipid peroxides or decrease the 
hydrogen peroxide hemolysis of erythrocytes from vitamin E-deficient 
rats. 
Recently, a technique has been developed to determine vivo lipid 
peroxidation (Evans et al., 1967 ; Riely et al., 1974). Ivhen unsaturated 
fatty acids are attacked by peroxidizing agents, ethane and pentane are 
produced as decomposition products of the unsaturated fatty acids. 
These products are expired from the animal and can be collected and 
measured from a closed chamber. Hafeman and Hoekstra (1977) and Cora 
et al. (1978) have used this technique to demonstrate that ethane and 
pentane expiration is increased in vitamin E-selenium-deficient rats. 
Supplementation of vitamin h and/or selenium significantly decreased 
.A. J. w  ^w ».i J i.i. .4. J. J. L. L. t : C. J LV W L. li. W J. J. UiCVCtiL. J-11 V J. V C 
dation. 
Before the essentiality of selenium was suggested, the kinetics of 
selenium distribution and excretion during selenium toxicity were studied. 
Kidney and liver of animals receiving chronically toxic levels of selenium 
contained higher levels of selenium than muscle (Moxon and Rhian, 1943; 
Moxon et al., 1944). The urine was observed as the main route for excre-
cion of selenium (Smich et al., 1937; Halverson et al., 19 62). The 
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selenium compound in the urine was identified as trimethyl selenide 
(Byard, 1969). As toxicity occurs, the metabolic pathway for the tri-
methylation of selenium is overloaded. Dimethyl selenide is then 
volatilized and excreted from the lungs (Ganther et al., 1966). 
Therapeutic use of selenium required studies on retention of sub-
toxic levels. Kuttler et al. (1961) measured concentration in 
serum and tissues of sheep for 5 months after a single, subtoxic injec­
tion of labeled sodium selenite. Serum selenium rose quickly on the 
first day then dropped rapidly until day 14. Over the next 100 days, a 
very slow decrease was noticed. After 148 days, some radioactivity was 
still detectable in tissues. Kidney and liver had the greatest level 
and muscle had the least. Lindberg and Lannek (1965) found similar 
tissue distribution of selenium in pigs after prolonged feeding of 
sodium selenite (1.2 mg/kg body weight per day). Wright (1965) demon­
strated that the kidney concentrated 4 to 5 times as much ^^Se-selenite 
per unit weight as did the liver. Cousins and Cairney (1961) demon­
strated that healthy lambs had higher liver and Kidney selenium levels 
than dystrophic lambs. The same results were obtained by Lindberg and 
Siren (1963) with healthy and dystrophic pigs. In rabbits and mice. 
Taussky et al. (1963) reported that control and dystrophic animals had 
comparable tissue selenium concentrations. 
Uptake, retention, and excretion is dependent on the selenium 
status of the animal. Sheep, pigs, and cattle generally excrete 40% 
to 50/= of a single oral dose of sodium selenite with approximately 
3 times as much found in the feces as in the urine (Cousins and Caimey, 
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1961; Buescher et al., 1961; Ehlig et al., 1967). Peterson and Spedding 
(1962) followed excretion patterns of sheep fed red clover grown on a 
^^Se-selenite solution. Feces contained 54% of excreted selenium with 
only 97o in the urine. 
Muth et al. (1957) demonstrated that sheep fed a selenium-deficient 
diet retained more injected ^^Se than those receiving an adequate level 
of dietary selenium. Hopkins et al. (1966) injected rats, fed diets 
containing .1 to 5.0 ppm selenium, with ^^Se-selenite and observed an 
increase from 15% to 49% in excreted selenium. Kidney and blood ^^Se 
concentrations were also inversely related to selenium intake. They 
suggested that the body maintains a selenium pool, retaining selenium 
when the pool is depleted and excreting selenium when pool size is ade­
quate. Wright and Bell (1963) and Weswig et al. (1965) demonstrated 
that jji vitro uptake of ^^Se by sheep erythrocytes was inversely related 
to level of dietary selenium. Lopez et al. (1969) confirmed that in 
vivo retention of ^ ^Se by sheep erythrocytes, whole b!' lod, liver, and 
kidney was inversely related to dietary selenium inca^^e. However, He 
observed that the decrease in retained selenium began to plateau at 
dietary levels above 5.0 ppm. He suggested that the body mechanism 
for metabolizing selenium became less effective as the intake of selenium 
was increased to a toxic level. This failure to excrete selenium leads 
to an increase in tissue selenium concentration and selenium toxicity. 
Selenium is secreted in milk and is an important source of selenium 
for suckling animals. McCcnnell (1963) examined the milk of lactating 
dogs after administration of '^5e-selenite. Radioactivity was still 
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measurable in the milk 278 days after the injection. The milk protein 
fraction contained 90% of the measured radioactivity. Jenkins and 
Hidiroglou (1971) found that in milk from selenium-supplemented ewes, 
-T C 
89% to 96% of the '^Se activity was in the protein fraction. The con­
centration of selenium in milk can be elevated by increasing dietary 
selenium intake in sheep (Gardner and Houge, 1967), cattle (Grant and 
Wilson, 1968), and swine (Mahan et al., 1975). Rasmussen (1974) reported 
that tissue and blood selenium concentration of suckling pigs was in­
creased by increasing the selenium intake of the sow. A high correla­
tion between the onset of selenium deficiency symptoms in pigs and the 
level of selenium in the milk has been reported (Mahan et al., 1975). 
Essential Function of Selenium 
An essential function of selenium, independent of vitamin E was 
demonstrated by Muth et al. (1958). Vitamin E supplementation of ewes 
fed dystrophic diets did not significantly decrease the incidence of 
white muscle disease in their lambs. l-Jhen .1 ppm selenium was fed to 
the ewes, the incidence of white muscle disease was eliminated. Sharman 
et al. (1959) reported that the administration of .25 ppm selenium per 
day to suckling calves prevented white muscle disease while the admin­
istration of 200 mg of vitamin E gave incomplete protection. In 1969, 
.^icCoy and weswig demonstrated that selenium was required tor reproduction, 
normal haircoat, and normal eye development in second generation rats 
from selenium-deficient dams. Dietary vitamin E supplementation of the 
dams failed to alleviate the effects of selenium deficiency. Thompson 
and Scott (1969). using crystalline amino acid diets severely deficient 
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in selenium, demonstrated that poor growth and mortality of chicks per­
sisted even with supplementation of up to 200 ppm d-a-tocopherol acetate. 
Using the same diet supplemented with vitamin E, Thompson and Scott 
(1970) demonstrated that pancreatic degeneration occurred in chicks. 
Pancreatic lipase activity decreased and lipid absorption, including 
vitamin E, was decreased. The addition of free fatty acids and mono-
glycerides, which improved absorption of vitamin E, did not prevent 
the pancreatic degeneration. These studies were the first to demonstrate 
a necessity for dietary selenium, independent of vitamin E. 
Noguchi et al. (1973) followed the gross, biological and histolog­
ical development of selenium-deficient pancreatic degeneration in the 
chick. They concluded that the histological deterioration was not 
caused by disruption of lysosomal membranes leading to destruction of 
cellular components. Shih et al. (1977) examined the lipoamide dehydro­
genase activity of pancreas and liver homogenates of selenium-deficient 
chicks supplemented with vitamin E. The activity decreased in the mito­
chondrial fraction and increased in tne supernate fraction. Tue ccaulLs 
indicate that an increased fragility of the mitochondrial tnenibrane 
allowed the enzyme to escape into the superaate. Because lipoamide 
dehydrogenase is involved in energy metabolism, a drop in the level of 
this enzyme will decrease cell respiration rate. A decrease of this 
enzyme has been implicated as a possible cause of liver necrosis in 
vitamin E-selenium-deficient rats (Schwarz et al., 1962). 
Information on che effect of selenium on the pancreas of other 
species is unclear. Schwarz (1958) observed pancreatic lesions in 
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selenium-deficient mice. McConnell et al. (1974) examined selenium-
deficient rat pancreas and found no effect of selenium deficiency on 
protein, DMA, or RM. synthesis. Ewan et al. (1969) and Niyo et al. 
(1977) were unable to find any gross or histological degeneration of 
pancreatic tissue from vitamin E-selenium-deficient pigs even when the 
pigs died exhibiting other symptoms of vitamin E-selenium deficiency. 
Glienke and Ewan (1977), while not examining pancreatic function, 
shewed that apparent digestibility of dry matter, nitrogen, and ether 
extract was significantly improved when pigs, from sows fed vitamin E-
selenium-deficient diets, were supplemented with .05 ppm selenium. 
Selenium supplementation also significantly improved average daily gain, 
feed intake, and feed efficiency. The effect on digestibility might 
suggest a digestive enzyme dysfunction similar to that in selenium-
deficient chicks. 
Biological Function of Selenium 
Vitamin E was demonstrated to prevent oxidation of phospholipids 
so attempts were made to determine the effectiveness of selenium in 
preventing peroxidation. When hemolysis was induced in erythrocytes 
from selenium-supplemented, vitamin E-deficient rats, the initial rate 
of hemolysis was slowed. However, the rate increased so that after one 
hour there was no difference between erythrocytes from vitamin E-
deficient rats with or without selenium supplementation (Krishnamurthy 
and Bieri, 1961). Rctruck et al. (1971) observed that selenium supple­
mentation would consistently prevent hemolysis of erythrocytes from 
\'lt2min E-selenium-deficient rats only when glucose was present in the 
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incubation media. He noted that Cohen and Hochstein (1963) had described 
an enzyme, glutathione peroxidase (GSH-Px), that catalyzed the conver­
sion of peroxides to water (or alcohol) with the oxidation of reduced 
glutathione (GSH). He reasoned that to regenerate reduced glutathione, 
NÂDPH would be required and that glucose could be utilized via the pentose 
phosphate cycle to generate the NADPH used for reduction of oxidized 
glutathione (GSSG) to reduced glutathione. 
Rotruck et al. (1972) demonstrated that GSH levels were higher in 
erythrocytes of selenium-deficient rats than in supplemented controls 
and suggested that selenium may be required for function of GSH-Px. 
Rotruck et al. (1973) found that the activity of GSH-Px was lower in 
erythrocytes from selenium-deficient rats than in selenium-supplemented 
rats. When partially purified GSH-Px from selenium-supplemented rats 
injected with ^^Se-selenite was analyzed for radioactivity, approximately 
70% of the ^^Se in the erythrocyte hemolyzate cochromatographed with 
GSH-Px. Flohe et al. (1973) subjected a highly purified sample of 
bovine GSH-Px to neutron activation analysis and found 4 atoms ot selenium 
per molecule of enzyme. Analysis of GSH-Px from rat (Nakamura et ai., 
1974) and sheep (Oh et ai., 1974) produced the same results. 
The increase in GSH-Px activity in response to increased selenium 
intake is well-established for rats (Hafeman et al., 1974) and chicks 
(Noguchi et al., 1973). Hoekstra (1975), measuring the effect of various 
levels of supplemental selenium on rats, showed that erythrocyte and 
pancreas GSH-Px activity increased in response to increased dietary 
selenium from 0 to .5 ppm while enzyme activity in other tissues 
plateaued at .1 ppm. Qmaye and Tappel (1974) showed that GSH-Px 
activity in chick erythrocyte, liver, pancreas, and heart increased as 
a logarithmic function of dietary selenium up to 14 ppm. Chavez (1979) 
was able to increase GSH-Px activity in weanling pig kidney, pancreas, 
heart, and plasma by feeding selenium-deficient diets supplemented with 
.1 ppm selenium as sodium selenite. 
Because GSH-Px activity is easier to measure than selenium concen­
tration, the use of GSH-Px activity as an indicator of biological 
selenium status would be useful. Noguchi et al. (1973) and Chow and 
Tappel (1974) indicated that plasma GSH-Px of chicks and rats was posi­
tively correlated with dietary selenium intake. Chow and Tappel (1974) 
also determined that the GSH-Px activity of rat liver and kidney was 
correlated with selenium intake, wilson and Judson (1976) and Anderson 
et al. (1978) observed a positive correlation between erythrocyte GSH-Px 
activity and blood selenium concentration in sheep and cattle. Thompson 
(1976) found a high degree of correlation between GSH-Px activity and 
blood selenium concentration in sheep and cattle but not in pigs. Chave 
(1979), however, demonstrated a positive correlation between plasma 
GSH-Px activity and blood selenium concentration in weanling pigs. 
Barrett and Hebert (1979) used a recently developed, semi-quantitative 
spot test to determine blood GSH-Px activity in sheep and cattle. They 
demonstrated a negative correlation between the log of GSH-Px activity 
measured spectrophotometrically and the log of time for disappearance 
of the fluorescent spot during the spot test. They concluded that the 
spectrophotometric and spot test techniques were comparable and the 
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results were useful in measuring selenium status of the animal. Lawrence 
et al. (1974), observing that the level of GSH-Px activity of specific 
tissues was different between rats and sheep, suggested that care be 
taken when the GSH-Px activity of certain tissues is used as a measure 
of nutritional selenium status. 
Early research on the GSH-Px system had determined that it func­
tioned in preventing peroxidation of membrane phospholipids and main­
tained the integrity of mitochondria and erythrocytes (Neubert et al._, 
1962). In the GSH-Px system, GSH-Px catalyzes the reduction of hydro­
peroxides by reduced glutathione. The enzyme is highly specific for 
glutathione but not for the hydroperoxide substrate (Flohe et al., 
1979). Boveris et al. (1972) produced 90 nanomoles of hydrogen peroxide 
per minute per gram of rat liver vitro. Because a substantial por­
tion of the oxygen consumed by the liver passed through the peroxide 
pathway, a GSH-Px deficiency should be enhanced in the liver. Schwarz 
and Pathak (1975) discussed the positive relationship between low GSH-Px 
activity and the development of liver necrosis in viLiiiuin Z-sclcuium-
deficient rats. Hcekstra (1974) proposed an explanation for the involve­
ment of selenium, vitamin E, antioxidants, and sulfur amine acids in 
the same nutritional disorders. Vitamin E and antioxidants prevent 
formation of peroxides by scavenging free radicals. Sulfur amino acids, 
as precursors of glutathione, and selenium, as an integral part of 
GSH-Px, affect decomposition of formed peroxides. 
Because catalase also functions in reducing hydrogen peroxide, 
Holmberg (1505) and 5urk ec al. (1975) suggested that GSH-?x may have a 
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predominant role in hydrogen peroxide metabolism particularly in tissue 
and cell compartments where catalase is absent, such as in the lens of 
the eye. In tissue, such as erythrocytes, where catalase and GSH-Px 
compete for the hydrogen peroxide substrate a decrease in G5H-?x activity 
still creates an atmosphere where nonphysiological levels of peroxides 
can produce erythrocyte hemolysis (Rotruck et al., 1973). The main 
advantage of GSH-Px is the number of hydroperoxide substrates that it 
will reduce. With few exceptions, all hydroperoxides investigated are 
reduced by GSH-Px (Flohe et al., 1979). 
Explanation of Dissertation Format 
The two experiments reported in this dissertation will be submitted 
for publication to the Journal of Animal Science under the authorship 
of Reid S. Adkins and Dr. Richard C. Ewan. 
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PART I. EFFECT OF SELENIUM ON PERFORMANCE, SERUM SELENIUM 
CONCENTRATION, AND GLUTATHIONE PEROXIDASE ACTIVITY 
21 
Summary 
Pigs from sows fed a diet deficient in selenium and low in vitamin E 
were fed a Torula yeast diet supplemented with 100 lU dl-a-tocopherol 
acetate per kilogram of diet. The treatments were levels of supplemental 
selenium of 0, .025, .050, .075, or .10 ppm. Some death loss occurred 
in pigs receiving no supplemental selenium at approximately 5 weeks of 
age. Autopsy revealed liver and heart lesions typical of vitamin E-
selenium deficiency. Selenium supplementation had no significant effect 
on average daily gain, feed intake or feed to gain ratio for the 4 week 
experiment. There was a linear increase (P < .01) in daily gain, feed 
intake, and feed to gain ratio as time on experiment increased. Selenium 
status of pigs was determined by serum selenium concentration and serum 
glutathione peroxidase (GSH-Px) activity. Serum selenium increased lin­
early (P < .01) with increasing supplemental selenium. Serum GSH-Px 
activity increased linearly (P < .01) and quadratically (P < .05) with 
increasing supplemental selenium. There was a significant interaction 
\r .O l j  ueLweeii uicLctiy selenium levej. ciiiu Liuic uii eAuci ImciiL fût Sciuin 
selenius concentration and GSH-Px activity. With time, the level of 
serum selenium and GSH-Px activity decreased in unsupplemsnted pigs while 
increasing in supplemented pigs. The correlation between serum selenium 
concentration and GSH-Px activity was .81 (P < .01). 
Key words: Swine, Selenium Deficiency, Performance, Serum Selenium, 
Glutathione Peroxidase Activity 
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Introduction 
Selenium was recognized as an essential nutrient for the prevention 
of liver necrosis in vitamin E-deficient rats (Schwarz and Foltz, 1957). 
Subsequently it was found to prevent nutritional muscular dystrophy and 
improve growth in vitamin E-deficient sheep (Muth et al., 1958; Hartley 
and Grant, 1961), improve growth in rats (McCoy and Weswig, 1969), and 
prevent exudative diathesis and improve growth in vitamin E-deficient 
chicks (Thompson and Scott, 1969). In vitamin E-deficient swine, selen­
ium was shown to prevent hepatosis diaetetica (Eggert et al., 1957) and 
skeletal and heart muscle degeneracion (Grant and Thafvelin, 1958). 
The finding by Rotruck et al. (1973) that selenium was a component 
of glutathione peroxidase verified a biological function for selenium. 
Extensive work has been done to elucidate the relationship of dietary 
selenium intake to tissue selenium concentration and glutathione peroxi­
dase activity in many species (Hafeman et al., 1974; Xoguchi et al., 
1973; Oh et al., 1974). A positive correlation between tissue selenium 
concentration and glutathione peroxiûase activity has been observed auu 
provides an index of selenium status in the animal (Kakk.arainen et al., 
1973; Chavez, 1979). The present investigation was undertaken to evalu­
ate the effect of selenium supplementacion on performance, serum selen­
ium concentration, and serum glutathione peroxidase activity of selenium-
Crossbred pigs (Poland China x (Landrace x Yorkshire)) from sows that 
had been fed a Torula yeast, semi-purified diet containing 16% crude 
23 
protein and crude soybean oil as the fat source were used. This diet 
was deficient in selenium and low in vitamin E. At birth, pigs within 
litters were randomly divided into two groups and one group was injected, 
intramuscularly, with 100 lU cl-a-tocopherol acetate to determine the 
effect on pre-weaning survival. At 21 days of age, all pigs (barrows 
and gilts) were weaned, weighed (4.4 kg average weight), bled from the 
orbital sinus (Riley, 1960), and randomly allotted to individual 89 x 
35.5 cm pens. Treatments were a basal diet (table 1) containing 217= 
crude protein and 100 lU dl-a-tocopherol acetate per kilogram of diet 
supplemented with 0, .025, .050, .075, or .10 ppm selenium as selenious 
acid. Treatments were randomly assigned to pens. Pigs were allowed 
ad libitum access to feed and water for 4 weeks. Pigs were weighed, 
bled, and feed consumption was measured weekly. Blood samples were 
centrifuged for 15 minutes at 3020 x gravity and serum was frozen for 
analysis. 
Serum selenium concentration was determined (Olson et al., 1975). 
Samples were wet-ashed with nitric and perchloric acid. Selenium as 
selenious acid is reacted with 2,3-diaminonapthalene to form a piaz-
selenol. The piazselenol was excracced with decahydroaapthalene and 
the fluorescence was measured. Glutathione peroxidase (GSH-Px) activity 
was determined by the method of Paglia and Valentine (1967). Reduced 
glutathione is oxidized during the conversion of hydrogen peroxide to 
water by glutathione peroxidase. The oxidized glutathione is regener­
ated to the reduced form with NADPK by glutathione reductase. The 
reaction race is followed by measuring the decrease in Iv4D?n 
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concentration, at 340 millimicrons. A unit of GSH-Px activity was defined 
as the amount of enzyme that would convert 1 micromole of NADPH per 
minute at pH 7.0, 20 C. 
Performance data were analyzed by least square analysis of variance 
for a randomized block design with fixed treatments (Harvey, 1960). 
Serum selenium and GSK-Px activity data were analyzed by least square 
analysis of variance for a random split-plot design with treatment and 
time on experiment as whole and sub-plot, respectively. The replication 
by treatment interaction was used to test the significance of treatment 
differences. The replication by time interaction was used to test the 
significance of time on experiment. 
Results and Discussion 
Pre-weaning survival was improved (P < .01) by intramuscular injec­
tion of 100 lU of vitamin E at birth. Percentage pre-weaning survival was 
greater for treated pigs than for untreated pigs (90% vs 70%). After 
weaning, five pigs receiving no supplemental selenium and one receiving 
the lowest level of supplemental selenium died within the first two 
weeks of the experiment. Autopsy showed that five of these pigs exhib­
ited liver and heart lesions typical of vitamin E-selenium deficiency. 
Glienke and Ewan (1977) reported that the supplementation of vitamin E 
to selenium-deficient diets prevented the gross and histological lesions 
of vitamin E-selenium deficiency even when selenium stores are severely 
depleted. 
Average daily gain (ADG) for the first week was low and highly 
variable but approached a quadratic effect (P < .10) of treatment 
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(table 2). For the second week, ADG increased linearly (P < .01) in 
response to increasing level of selenium supplementation. During the 
third and fourth week, no significant effect of treatment was observed. 
For the entire experiment, unsupplemented pigs gained slightly less 
but there was no significant treatment effect. The ADG, regardless of 
treatment, increased linearly (P < .01) with time on experiment. These 
results agree with those of Eggert et al. (1957), Pellegrini (1958), 
and Ewan et al. (1969), who reported that adding selenium to vitamin E-
supplemented diets did not affect growth rate. Glienke and Ewan (1977) 
reported that selenium supplementation improved growth rate in pigs 
weaned from sows fed a selenium-deficient diet through 5 reproductive 
cycles. The improvement was not, however, observed in pigs weaned from 
sows receiving the deficient diet for 2 cycles. An increase in dietary 
selenium intake will increase the selenium concentration of sow milk 
and utilization of milk selenium by the suckling pig (Rasmussen, 1974; 
Mahan et al., 1975). A difference in the level of milk selenium from 
LliC 5UW6 uacu \ j y  i-tWOLl \ ^ W 
of their pigs to dietary selenium supplementation. Mahan and Moxon 
(1978) did net observe an increase in ADG when pigs from so^s fed a 
corn-soybean meal diet deficient in selenium were fed .10 ppm supple­
mental selenium. The sows that farrowed the pigs used in our experiment 
had received the vitamin E-selenium-deficient diet for as few as 2 cycles 
to as many as 11 cycles. Milk selenium concentration in these sows was 
probably different and could have affected the response of their pigs 
•f- d ^ ~ ^ ~ - — "T  ^ T, "T i — — — — — —^ ^ ^  T vZ ^ m f 
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selenium to deficient diets has been reported in rats (McCoy and Weswig, 
1969), chicks (Thompson and Scott, 1969, 1970), and lambs (McLean et al., 
1959; Ewan et al., 1968). 
Average feed intake (ADF) increased quadratically (P < .01) as trie 
level of supplemental seleniuir. increased during the first week (table 3). 
No significant effect of treatment was observed during the remainder of 
the experiment but feed intake for animals receiving selenium was 
slightly greater (420 g vs. 380 g) than unsupplemented pigs. Regardless 
of treatment, feed intake increased linearly (P < .01) with time on 
experiment. These results disagree with the observation of Glienke 
and Ewan (1977) that feed intake was increased by supplementation of 
selenium. However, as with their data on ADG, the feed intake was 
affected only in the group of pigs from sows receiving the vitamin E-
selenium-deficient diet for five reproductive cycles. Ewan et al. (1969) 
did not observe a response in feed intake to dietary selenium level in 
pigs from 2 to 14 weeks of age. These pigs, however, were not from 
sows ted vitamin ii-selenium-deficienr diets. 
Feed tc gain ratios (F:G) were high for the first week (table 4). 
rigs chat exhibited zero or negative gains were given an arbitrary F : G 
of 10. A linear (P < .01) and quadratic (? < .05) improvement in F:G 
with increasing level of selenium supplementation suggested that the 
benefit of supplemental selenium was maximized at .05 ppm. Regardless 
of treatment, F : G decreased linearly (P < .01) with time on experiment. 
The effect of selenium supplementation on F : G observed by Glienke and 
Ewan (1977) was similar co thac reported for ADG and ADF. Gur results 
agree with those reported by Eggert et al. (1957) and Ewan et al. (1969) 
that selenium supplementation had no effect on F:G. Pigs used in their 
studies, however, were not from sows fed vitamin E-selenium-deficient 
diets. 
The concentration of serum selenium at weaning was low (table 5) 
and similar to that reported for 21-day-old pigs from sows fed a 
vitamin E-selenium-deficient diet (Mahan and Moxon, 1978). The level 
of serum selenium at weaning was indicative of selenium deficiency. 
Supplementation of selenium to the diet produced a linear increase 
(P < .01) in serum selenium concentration. Serum selenium concentration 
also increased linearly (P < .01) with time on experiment. A signifi­
cant interaction (P < .01) between supplemental selenium level and time 
was observed. During the experiment, serum selenium level of unsupple-
mented pigs decreased while the serum selenium level of pigs receiving 
supplemental selenium increased. Mahan and Moxon (1978) observed an 
increase in serum selenium level in pigs as the dietary intake of selen­
ium increased. There was also a significant increase in serum selenium 
with time. Chavez (1979) and Hakkarainen at al. (1978) have reported 
that supplementing selenium to the diet increased the whole bleed selen­
ium concentration. 
Initial serum glutathione peroxidase (GSK-Px) activities were not 
different (P < .05) among treatment groups (table 6). The activity of 
this enzyme increased linearly (P < .01) with increasing level of supple­
mental selenium and with time on experiment. In addition to the linear 
componenc, a quadratic effect was observed (? < .05) for both treatment 
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and time on experiment. During the experiment, there was no difference 
in the GSH-Px activity of those pigs fed the diets supplemented with 
.075 ppm or .10 ppm selenium. A treatment by time interaction (P < .01) 
similar to that for selenium concentration was observed. During the 
experiment, the serum GSH-Px activity of unsupplemented pigs decreased 
while it increased in supplemented pigs. The correlation between serum 
selenium concentration and serum GSH-Px activity was .81 (P < .01) and 
suggested that serum GSH-Px activity is a good indicator of serum selen­
ium concentration. Chavez (1979) demonstrated that the supplementation 
of .10 ppm selenium to a selenium-deficient diet increased the plasma 
GSH-Px activity and blood selenium concentration in pigs from sows not 
fed a vitamin E-selenium-deficient diet. He obtained a high correla­
tion (r = .65) between plasma GSH-Px activity and blood selenium con­
centration and concluded that these two parameters were responsive to 
dietary selenium intake. In pigs from sows fed a vitamin E-selenium-
deficient diet, Hakkarainen et al. (1978) demonstrated that blood selen­
ium concentration and serum Gbh-i'x activity cscreasec witn time unless 
.045 ppm selenium was supplemented to the basal, selenium-deficient 
diet. nTien .14 ppm selenium was supplemented, the blood selenium con­
centration and serum GSH-Px activity increased rapidly and plateaued 
at 10 and 7 weeks on experiment, respectively. They observed a very 
high correlation (r = .95) between blood selenium concentration and 
serum GSH-Px activity. There was, however, a tendency for the correla­
tion to decrease (r = .74) with a blood selenium concentration of 70 
nanograms or more per millilicer of blood. They suggested chac serum 
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GSH-Px activity would be an excellent indicator of selenium status 
especially in pigs with pronounced selenium deficiency. Thus, serum 
GSH-Px activity and serum selenium concentration are responsive to 
dietary selenium intake and can be used to indicate selenium status of 
weanling pigs. 
Literature Cited 
Chavez, E. R. 1979. Effect of dietary selenium on glutathione peroxi­
dase activity in piglets. Can. J. Anim. Sci. 59:67. 
Eggert, R. G., E. Patterson, W. T. Akers and E. L. R. Stokstad. 1957. 
The role of vitamin E and selenium in the nutrition of the pig. J. 
Anim. Sci, 16:1037. (Abstr.) 
Ewan, R. C., C. A. Baumann and A. L. Pope. 1968. Retention of selenium 
by growing lambs. J. Agr. Food Chem. 16:216. 
Ewan, R. C., M. E. Wastell, E. J. Bicknell and V. C. Speer. 1969. Per­
formance and deficiency symptoms of young pigs fed diets low in 
vitamin E and selenium. J. Anim. Sci. 29:912. 
Glienke, L. R. and R. C. Ewan. 1977. Selenium deficiency in the young 
pig. J. Anim. Sci. 45:1334. 
Grant. C. A. and B. Thafvelin. 1958. Selenium and hepatosis diaetetica 
Kafsman, D. G., R. A. Sunde and W. G, Hoskstra. 1974. Effect of dietary 
selenium on erythrocyte and liver glutathione peroxidase in the 
 ^ T \T« « T /> • ^  Q ^  
Hakkarainen, J., P. Lindberg, G. Bengtsson and L. Jonsson. 1978. Serusi 
glutathione peroxidase activity and blood selenium in pigs. Acta 
Vet. Scand. 19:269. 
Hartley, W. J. and A. B. Grant. 1961. A review of selenium responsive 
diseases of New Zealand livestock. Fed. Proc. 20:679. 
Harvey, W. R. 1960. Least square analysis of data with unequal sub­
class numbers. U.S.D.A., A.R.S. Bull. 20-8. 
30 
Mahan, D. C. and A. L. Moxon. 1978. Effects of adding inorganic or 
organic selenium sources to the diets of young swine. J. Anim. 
Sci. 47 ; 456. 
Mahan, D. C., A. L. Moxon and J. H. Cline. 1975. Efficacy of supple­
mental selenium in reproductive diets on sow and progeny serum and 
tissue selenium values. J. Anim. Sci. 40:624. 
McCoy, K. E. M. and P. H. Weswig. 1969. Some selenium responses in 
the rat not related to vitamin E. J. Nutr. 98:383. 
McLean, J. W., G. G. Thompson and J. H. Claxton. 1959. Growth responses 
to selenium in lambs. Nature 184:251. 
Muth, 0. H., J. E. Oldfield, L. F. Remmert and J. R. Schubert. 1958. 
Effects of selenium and vitamin E on white muscle disease. Science 
128:1090. 
Noguchi, T., A. K. Cantor and M. L. Scott. 1973. Mode of action of 
selenium and vitamin E in prevention of exudative diathesis. J. 
Nutr. 103:1502. 
Oh, S. H., H. E. Ganther and W, G. Hoekstra. 1974. Selenium as a com­
ponent of glutathione peroxidase isolated from ovine erythrocytes. 
Biochemistry 13:1825. 
Olson, 0. E., I. S. Palmer and E. E. Gary. 1975. Modification of the 
official fluorometric method for selenium in plants. J. Assoc. 
Official Anal. Chem. 58:117. 
Paglia, D. E. and W. N. Valentine, 1967. Studies on the quantitative 
and qualitative characterization of erythrocyte glutathione peroxi­
dase. J. . Clin. Med. /G;13S. 
Pellegrini, L. 1958. A study of vitamin E deficiency in pigs fed a 
Torula yeast diet. Doctoral thesis, Univ. of Minnesota, St. Paul. 
Rasmussen, 0. K. 1974. Selenium concentration in sow colostrum and 
in sow milk. Acta Agr. Scand. 24:175. 
Riley, V. 1960. Adaptation of orbital bleeding technic to rapid serial 
blood studies. Proc. See. Exp. Biol. Med. 104:751. 
Rotruck, J. T.. A. L. Pope, H. Ganther. A. Swanson, D. Kafeman and w. G. 
Hoekstra. 1973. Selenium: Biochemical role as a component of 
glutathione peroxidase. Science 179:588. 
Schwarz, K. and C. M. Foltz. 1957. Selenium as an integral part of 
Factor 3 against dietary necrotic liver degeneration. J, Amer. 
Chem. Soc. 79:3292. 
31 
Thompson, J. N. and M. L. Scott. 1969. Role of selenium in the 
nutrition of the chick. J. Nutr. 97:335. 
Thompson, J. N. and M. L. Scott. 1970. Impaired lipid and vitamin E 
absorption related to atrophy of the pancreas in selenium-deficient 
chicks. J. Nutr. 100:797. 
32 
TABLE 1. COMPOSITION OF THE BASAL DIET^ 
International 
Ingre ient reference number ercen. 
Vitamin premix 
Torula yeast^ 7-05-534 42.0 
Dextrose 4-02-891 44.7 
Soybean oil 4-07-983 5.0 
Solka floe -- 5.0 
c 9 
Mineral premix*^ -- 3,1 
Chromic oxide (Cr^O^) -- .1 
^Twenty-one percent crude protein, 2850 kcal ME/kg diet. 
^Type B, Nr XIII, Lake States Division, St. Regis Paper Co., 
Rhinelander, Wisconsin. 
CuncribuLtid Lae following per kilogram or diet: Ô.5 g calcium, 
1.8 g phosphorus, 5.0 g sodium chloride, 6.0 mg copper, 13.0 mg 
rr.~ n C-S Tiii C ^  Rfl L, ttjO- -T-rr^-n RR mo- /. rwrr 1 ^rM irrv c T-% 
1,0 mg cobalt. 
^Contributed the following per kilogram of diet; 100 lU dl-a-
tocopherol acetate, 7800 lU retinyl palmitate, 852 lU vitamin D, 
10 mg menadione, 1.0 mg folic acid, 30 meg vitamin B,„-. 
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TABLE 2. EFFECT OF SELENIUM ON AVERAGE DAILY GAIN IN GRAMS 
Week Level 
of selenium. ppm . a 
Avg. 
0 .025 .050 .075 .10 
1 8(16)^ 23(14) 33(14) 40(14) -10(14) 20 
2^ 102(15) 122(14) 147(14) 177(14) 159(14) 141 
3 213(13) 233(13) 194(14) 184(14) 225(14) 207 
4 282(11) 301(13) 318(14) 330(14) 304(14) 305 
d 
Avg. 149 159 173 183 170 
^Linear effect (P < .01) of time on experiment. Standard error 
of week means was 8 grams. 
^Number in parentheses is the number of pigs per treatment, 
^Linear effect (P < .01) of level of selenium, 
"Standard error of treatment means was 9 grams. 
34 
TABLE 3. EFFECT OF SELENIUM ON AVERAGE DAILY FEED INTAKE IN GRAMS 
Week 
Level of selenium. ppm a 
AVg. 
0 .025 .050 .075 .10 
1^ 171^ 212 203 235 172 200 
2 343 376 368 436 355 374 
3 441 481 461 487 450 464 
4 560 604 601 625 633 604 
d 
Avg. 378 420 408 445 402 
^Linear effect (P < .01) of time on experiment. Standard error 
of week means was 10 grams. 
^Quadratic effect (P < .05) of level of selenium. 
^Refer to Table 1 for number of pigs per treatment. 
^Standard error of treatment means was 11 grams. 
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TABLE 4. EFFECT OF SELENIUM ON AVERAGE FEED TO GAIN RATIO 
Week Level of selenium. ppm . a Avg. 
0 .025 .050 .075 .10 
1 7.14* 7.12 6.83 6.54 7.47 7.01 
2^ 5.57 3.80 2.69 2.52 2.40 3.38 
3 2.52 2.92 2.56 2.79 2.03 2.58 
4 2.12 2.12 1.97 1.93 2.11 2.10 
d 
Avg. 4.40 3.98 3.51 3.45 3.50 
linear effect (P < .01) of time of experiment. Standard error 
of week means was .23. 
°Refer to Table 1 for number of pigs per treatment. 
^Linear (P < .01) and quadratic (? < .05) effect of level of 
selenium. 
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TABLE 5. EFFECT OF 
(ug/ml) 
SELENIUM ON AVERAGE SERUM SELENIUM CONCENTRAT ION 
Week 
Level of selenium. ppm 
Avg.' 
0 .025 .050 .075 .10 
Initial .018° .019 .020 .022 .016 .019 
1 .017 .022 .029 .034 .036 .027 
2 .014 .020 .035 .052 .059 .036 
3 .008 .024 .043 .058 .077 .042 
4 .005 .025 .055 .068 .088 .048 
, c 
Avg. .013 .022 .036 .047 .055 
^Linear effect (P < .01) of time on experiment. Standard error 
for time on experiment was .001 ppm. 
^Interaction (P < .01) between level of selenium and time on 
experiment. Standard error for level of selenium by time inter­
action was .003 ppm. 
^Linear effect (P < .01) of level of selenium. Standard error 
of treatment means was .001 ppm. 
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TABLE 6. EFFECT OF 
(GSH-Px) 
SELENIUM 
ACTIVITY 
ON AVERAGE SERUM GLUTATHIONE 
(UNITS/ml) ^ 
PEROXIDASE 
Week 
Level of selenium. ppm 
Avg. 
0 .025 .050 .075 .10 
Initial .22^ .23 .21 .22 .21 .22 
1 .20 .25 .34 .40 .41 .32 
2 .18 .26 .35 .49 .50 .36 
3 .10 .26 .40 .61 .60 .39 
4 .06 .28 .42 .60 .60 .39 
d 
Avg. .15 .26 .34 .47 .47 
'^One unit of GSH-Px activity was defined as the amount of enzyme 
that will convert one umole NADPH per minute at pH 7.0, 20 C, 
^Linear (P < .01) and quadratic (? < -05) effect of time on 
experiment. Standard error for time on experiment was .014 
units per milliliter of serum. 
Interaction (P < .01) between level of selenium and time on 
experiment. Standard error for level of selenium by time 
interaction v.-as .05 units per milliliter of serum. 
A _ 
"Linear (P < .01) and quadratic (if < .05) effect of treatment. 
Standard error of treatment means was .014 units per milliliter 
of serum. 
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PART II. EFFECT OF SUPPLEMENTAL SELENIUM ON PANCREATIC 
FUNCTION AND NUTRIENT DIGESTIBILITY 
39 
Summary 
The effect of selenium deficiency on pancreatic digestive enzyme 
activity and nutrient digestibility was studied using pigs weaned at 
3 weeks of age from sows fed a diet deficient in selenium and low in 
vitamin E. Pigs were fed a Torula yeast diet supplemented with 100 lU 
dl-a-tocopherol acetate per kilogram of diet. The treatments were 
levels of supplemental selenium of 0, .025, .050, .075, or .10 ppm. 
Apparent digestibility was determined at the end of the second and 
fourth week. Digestive enzyme activity, glutathione peroxidase (GSH-Px) 
activity and selenium concentration were determined in pancreatic tissue 
at the end of the 4-week experiment. Selenium concentration of the 
pancreas increased linearly (P < .01) and quadratically (? < .05) in 
response to increasing level of selenium supplementation. GSn-?x 
activity increased linearly (P < .01) in response to increasing selenium 
supplementation. The correlation between pancreas selenium level and 
GSH-?x activity was .36 (P < .05). Supplementation of selenium had no 
effect on pancreas weight, protein content, or the accivi^y ul 
atic trypsin, chymotrypsin, a-amylase, cr lipase. Apparent digestibility 
increased linearly for dry matter (P < .01) and nitrogen (P < .05) as 
selenium supplementation increased. There was, however, no significant 
effect on ether extract digestibility. Apparent digestibility coef­
ficients were higher (? < .01) after 4 weeks than those measured at 
2 weeks. 
Key Words: Swine, Selenium Deficiency, Pancreas, Glutathione Peroxidase 
Activity, Digestive Enzj'mes, Apparent Digestibility. 
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Introduction 
A report by Thompson and Scott (1970) that diets extremely deficient 
in selenium but adequate in vitamin E produced severe pancreatic degen­
eration in chicks was a key in the attempt to separate the nutritional 
essentiality of selenium from vitamin E. The degeneration resulted in 
a decrease in the activity of digestive enzymes, impairing nutrient 
digestion. 
Rotruck et al. (1972, 1973) established glutathione peroxidase as 
an enzyme dependent on an adequate dietary selenium intake for proper 
function. Selenium was identified as a component of the enzyme (Flone 
et al., 1973) demonstrating a specific biological function for selenium. 
Research with ruminants (Jenkins and Hidiroglou, 1971; Hoekstra, 1975) 
and pigs (Chavez, 1979) has demonstrated that pancreatic selenium con­
centration and glutathione peroxidase activity are responsive to dietary 
selenium intake. Only the pancreas of chicks (Thompson and Scott, 1970) 
and mice (Schwarz, 1958), however, have been reported to be histological 
attected Dy selenium status of che animal. Histological lesiout. have 
not been reported in the pancreas of selenium-deficient pigs (E'-ran et al 
1969; Niyû et al., 1977). Glienke and Ewan (1977), however, have re­
ported that the apparent digestibilicies of dry matter, nitrogen, and 
ether extract were lower in selenium-deficient pigs than in selenium-
supplemented pigs. This experiment was conducted to determine if the 
decrease in apparent digestibility was caused by a decrease in the 
activity of trypsin, chymctrypsin, a-amylase, or lipase in the pancreas. 
The apparent digescibility of dry matter, nitrogen, and ether extract 
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was also determined. 
Experimental Procedure 
Crossbred Digs (Poland China x (Landrace x Yorkshire)) used in this 
experiment were obtained from sows fed a Torula yeast, semi-purified 
diet containing 16% crude protein and crude soybean oil as a fat source. 
At 21 days of age, pigs (barrows and gilts) were weaned and randomly 
allotted to individual 89 x 35.5 cm pens. The basal diet (table 1) 
contained 21% crude protein and 100 lU dl-a-tocopherol acetate per kilo­
gram of diet. Treatments were the basal diet supplemented with 0, .025, 
.050, .075, or .10 ppm selenium as selenious acid. Pigs were allowed 
ad libitum access to feed and water for 4 weeks. Feces were collected 
at 15 and 28 days to determine apparent digestibility of dry matter, 
nitrogen, and ether extract. Approximately 36 hours before collection, 
any feces present in the pen were removed. Material defecated in the 
36 hour collection period was sampled and frozen for analysis. At 
termination of the experiment, pigs were killed and the pancreases were 
removed, weighed, and frozen for analysis. 
Frozen pancreas (.5 g) was weighed and homogenized in .15 M NaCl con­
taining .1% Triton-X-100 to facilitate cell wall breakdown. Komogenate was 
quantitatively transferred to a 5 milliliter flask. After appropriate dilu­
tion, the homogenate was used for determining protein concentration, gluta­
thione peroxidase (GSH-?x) activity, and trypsin, chymotrypsin, a-amylase, 
and lipase activity. Protein content of pancreas tissue was determined by 
the method of Lowry et al. (1951). GSH-Px activity was determined 
by the method of Paglia and Valentine (1967). One milliliter of the 
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original homogenate was centrifuged for 15 minutes at 3020 x gravity. 
The supernatant solution was used for the GSH-Px assay. One unit of 
GSH-Px activity was defined as that amount of enzyme that will oxidize 
1 micromole of NADPH per minute at pH 7.0, 20 C. Tne metnods or Bemri 
(1951), Marchis-Mouren et al. (1959), and Hummel (1959) as described 
in Worthington Enzymes (1977) were used for the determination of a-
amylase, lipase, trypsin, and chymotrypsin, respectively. The Worthing 
ten Enzyme (1977) procedure for lipase analysis was modified according 
to Frobish et al. (19 71) by the use of tri-X-butyrin in place of olive 
oil as the substrate. Trypsin and chymotrypsin were activated with 
enterokinase solution by incubation at 37 C for 2 hours. Selenium 
content of pancreatic tissue was determined by the procedure of Olson 
et al. (1975). 
Data for pancreatic enzymes, protein content and selenium concen­
tration were analyzed by least square analysis of variance for a ran­
domized block design with fixed treatments. Digestibility data were 
analyzed as a split ploc wich rreacmencs as main yloi. time on 
experimenr as the sub-plot (Harvey, 1950). Treatment effects were 
partitioned into linear, quadratic, cubic, and quardic components. The 
replication by treatment interaction was used to test the significance 
of treatment differences. The replication by time interaction was usee 
to test the significance of time on experiment. 
Results and Discussion 
Selenium supplementation had no effect on the weight of the pan­
creases (table 2), In chicks^ Thompson and Scott (1970) and Cantor et 
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(1975) reported that selenium deficiency significantly decreased pan­
creas weight. The pancreas weight in our experiment was somewhat 
less than that reported for corn-soybean meal-fed pigs (Hartman et al., 
1961; Corning et al., 1970). The protein content of the pancreases 
was unaffected by level of selenium supplementation. The average pro­
tein content (.13 grams protein per gram of pancreas) was lower than 
that reported by Corning et al. (1970) for creep-fed, suckling pigs. 
Dietary regime may account for this difference. In a study by McConnell 
et al. (1974), the protein content of pancreas from selenium-deficient 
and selenium-supplemented rats was similar. 
Glutathione peroxidase (GSH-Px) activity of pancreas tissue 
increased linearly (P < .01) in response to increasing level of supple­
mental selenium. A significant increase in the GSH-Px activity of the 
pancreas in response to increased dietary selenium intake has been 
reported in rats (Hoekstra, 1974), chicks (Omaye and Tappel, 1974), 
and pigs (Chavez, 1979). The selenium concentration of the pancreases 
increased linearly (P < .01) and quadraticaliy (? < .05) in response to 
increasing levels of dietary selenium. The quadratic component reflects 
the increased incorporation of selenium into pancreatic tissue with each 
level of supplemental selenium. The logarithm of the pancreatic selen-
iurn cnncAntration was linearly (? < .01) related to the level of supple­
mental selenium. A linear relationship between pancreas selenium con­
centration and dietary selenium intake has been reported in lambs (Oh 
et al., 1974) and chicks (Cantor et al., 1975). The correlation between 
pancreas selenium concentration and GSH-Px activity was .36 (P < .05). 
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Even though significant, this low correlation would suggest that a 
rather large portion of pancreatic selenium is not associated with GSH-Px. 
Cantor et al. (1975) determined the efficacy of selenite, selenocystine, 
and selenomethionine for prevention of pancreatic fibrosis in chicks. 
Selenium supplemented at .02 ppm as selenomethionine, doubled pancreatic 
selenium level and decreased the incidence of pancreatic fibrosis when 
compared to selenite or selenocystine. Selenomethionine at .02 ppm of 
selenium failed to affect pancreatic GSH-Px activity, and no correlation 
between protection against fibrosis and GSH-Px activity was observed. 
They suggested that the biochemical role of selenium in protecting the 
pancreas of chicks may be distinct from its effect on GSH-Px. 
Selenium supplementation did not significantly affect the activity 
of trypsin, chymotrypsin, Ci-amylase, or lipase (table 2). There was a 
tendency for the activity of these enzymes to be lower in those pigs 
receiving no supplemental selenium as compared to pigs receiving supple­
mental selenium. In chicks, a definite decrease in pancreatic lipase 
and trypsin activity nas Been demonsrraced (Thompson auu ScuLL, 1370). 
They attributed the loss of enzyme activity to degeneration of the pan­
creatic tissue. The hisiiological breakdown of this tissue was studied 
and confirmed by Noguchi et al. (1973). No gross degeneration was 
observed in the pancreases from this experiment, while microscopic 
examination was not performed, previous work with pancreases of selenium-
deficient pigs (Ewan et al., 1969; Niyo et al., 1977) failed to find 
histological signs of degeneration. 
As the level of supplemental selenium increased, there was a sig­
nificant linear increase in apparent digestibility (table 3) of dry 
matter (P < .01) and nitrogen (P < .05). There was no significant 
effect of treatment on apparent digestibility of ether extract. Regard­
less of treatment, apparent digestibility coefficients were higher 
(P < .01) after 4 weeks than those measured at 2 weeks. A treatment by 
week interaction was not observed (P < .05). The low values for appar­
ent ether extract digestibility observed at 2 weeks can be attributed 
to low and negative apparent digestibility coefficients. Pigs exhibiting 
poor ether extract digestibility in general had lower dry matter and 
nitrogen digestibilities. Freeman et al. (1968) reported that young 
pigs can produce as much as 32 grams of endogenous fat per day as 
lecithin. Lecithin is relatively indigestible and would contribute to 
underestimation of ether extract digestibility by fecal analysis. In 
this study, the variability in apparent ether extract digestibility 
would make it difficult to show a significant effect of selenium supple­
mentation on fat digestibility. 
In a similar study (Glienke and Ewan, 1977), the supplementation 
of .05 ppm selenium significantly improved apparent digestibility of 
dry matter, nitrogen, and ether extract in pigs considered to be seleniuz 
deficient. The supplementation of .10 ppm, however, did not improve the 
digestibility above that seen with .05 ppm selenium. They also reported 
a significant interaction between treatment and time on experiment, 
reflecting a greater increase in apparent digestibility wich time when 
pigs were supplemented with selenium compared to unsupplemented pigs. 
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Our study (with that of Glienke and Ewan, 1977) demonstrated an improve­
ment in apparent digestibility when selenium-deficient pigs were supple­
mented with .05 to .10 ppm selenium. Our results would suggest that the 
improvement is not a result of an increase in the activity of digestive 
enzymes in the pancreas. Selenium may affect the response of pancreatic 
digestive enzymes to intestinal releasing factors, such as cholecysto-
kinin-pancreozymin, or dietary selenium may have a role in the mechanics 
of nutrient digestion at the intestinal level. 
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TABLE 1. COMPOSITION OF TIIE BASAL DIET^ 
International 
Ingredient reference number Percent 
Torula yeast^ 7-05-534 42.0 
Dextrose 4-02-891 44.7 
Soybean oil 4-07-983 5.0 
Solka floe -- 5.0 
Vitamin premix^ -- .2 
Mineral premix*^ -- 3.1 
Chromic oxide (Cr^O^) -- .1 
^Twenty-one percent crude protein, 2850 kcal ME/kg diet. 
b 
Type B, NF XIII, i^ake States Division, St. Regis Paper Co., 
Rhinelander, Wisconsin. 
Contributed tne roiiowing per kilogram of diec: 6.9 g calcium, 
1.8 g phosphorus, 5.0 g sodium chloride, 6.0 mg copper, 13.0 mg 
manganese, 80.4 mg iron, 88.4 mg zinc, .4 mg molybdenum, and 
1.0 mg cobalt. 
'^Contributed the following per kilogram of diet: 100 lU dl-a-
tocopherol acetate, 7800 lU retinyl palmitate, 852 lU vitamin D, 
10 mg menadione. 1.0 mg folic acid, 30 meg vitamin 
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TABLE 2. EFFECT OF SELENIUM ON THE PANCREAS OF YOUNG PIGS 
Item Unit Level of selenium, ppm 
0 .025 .050 .075 .10 
Weight g 15 15 15 17 15 4 
Protein g/g .13 .13 .14 .13 .13 .01 
GSH-Px^ U/gC 2.1 2.8 3.3 3.5 5.5 1.2 
Selenium^ ug/g^ .059 .073 .118 .140 .196 .026 
^Standard deviation. 
^Glutathione peroxidase (GSH-Px) activity. Linear effect (P < .01) 
of level of selenium. 
c 
Enzyme unit per gram of protein. One unit is defined as that 
amount of anzyzna that «ill oxidize one -icrcncls cf NADPM per 
minute at pH 7.0, 20 C. 
^Linear (P < .01) and quadratic (P < .05) effect of level of 
om nm . 
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TABLE 3. EFFECT OF SELENIUM ON DIGESTIVE ENZYME ACTIVITY IN THE 
PANCREAS OF YOUNG PIGS 
Item Unit^ Level of selenicz, ppm SD^ 
0 .025 .050 .075 .10 
Trypsin U/gf 680 665 749 710 790 250 
Chymotrypsin U/g" 264 308 280 271 282 96 
a-amylase U/mg^ 41 46 52 50 46 15 
Lipase U/mg" 24 31 37 29 29 15 
^Enzyme units per gram or milligram of protein. 
^Standard deviation. 
^One unit of trypsin activity is defined as that amount that will 
hydrolyze one micromole of p-toluenesulfonyl-L-arginine (TAME) 
per minute at pK 8.1; 25 C. 
^One unit of chymotrypsin activity is defined as that amount that 
will hydrolyze one micromole of benzcyl-L-cyrcsine ethyl ester 
(BTEE) per minute at pH 7.8, 25 C. 
^One unit of a-amylase activity is defined as that amount that 
will liberate one micromole of reducing sugars (as maltose) from 
soluble starch per minute at 25 C. 
^One unit of lipase activity is defined as that amount that will 
produce one micromole of fatty acids from tri-N-butyrin per minute 
at pH 8.0, 25 C. 
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TABLE 4. EFFECT OF SELENIUM ON APPARENT DIGESTIBILITY IN YOUNG PIGS 
a 
, Level of selenium, ppm . ' 
Week ^ Avg 
0 .UZ3 .U3U .u/3 . ivj 
Dry matter 
2 73.2 73.7 75.5 75.1 77.2 75.1 
4 78.1 77,6 79.7 78.4 79.9 78.7 
Avgb 75.6 75.6 77.5 77.3 78.6 
Nitrogen 
2 64.0 65.6 69.5 67.8 71.2 67.6 
4 72.0 72.7 76.5 73.0 76.5 74.1 
AvgC 68.0 69.2 73.0 70.4 73.9 
Ether extract 
2 25.6 20.5 32.3 36.1 34.0 29.7 
4 61.0 53.6 66.0 57.7 64.2 60.5 
Avg° 43.3 37.1 49.2 46.9 49.0 
^Effect of time on experiment (P < .01) for dry matter, nitrogen, 
and ether extract digestibilities. Standard deviation of week 
means were 4.5, 6.8; and 20.0 for dry matter, nitrogen, and ether 
extract, respectively. 
^Linear effect (P < .01) of level of selenium. Standard deviation 
of treatment means was 3.6. 
^Linear effect (? < .05) of level of selenium. St 
of treatment means was 7.5. 
d... 
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GEîvERAL SUMMARY 
Pigs from sows fed a Torula yeast diet low in selenium and vitamin 
E were used. At birth, pigs within litters were randomly divided into 
two groups. One group was injected with 100 lU dl-Ci-tocopherol acetate 
and one was not. Vitamin E injection improved (P < .01) percent survival. 
At 3 weeks of age, pigs were weaned (average weight of 4.4 kg) and 
individually fed one of five experimental diets for 4 weeks. The diets 
were a basal Torula yeast diet containing 100 lU dl-a-tocopherol acetate 
per kilogram of diet and supplemented with 0, .025, .050, .075, or .10 
ppm selenium as selenious acid. Five pigs receiving no supplemental 
selenium and one pig receiving .025 ppm supplemental selenium died 
within the first 2 weeks of the experiment. Autopsy revealed gross and 
microscopic liver and heart lesions in five of these pigs. No signifi­
cant effect of dietary selenium supplementation was observed on average 
daily gain, average daily feed intake, or feed efficiency. A linear 
increase (? < .01) in performance was observed, however, as time on 
experiment increased. 
Linear increases (? < .01) in serum selenium concentration and 
serum glutathione peroxidase activity were observed when the level of 
supplemental selenium increased. In addition, a quadratic increase 
(? < .05) was observed tor serum glutathione peroxidase acciviry. A 
treatment by time interaction (P < .01) was observed for serum selenium 
concentration and glutathione peroxidase activity. The level of serum 
selenium and glutathione peroxidase activity decreased in unsupplemented 
pigs and increased in supplemented pigs as time on experiment increased. 
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The correlation between serum selenium and glutathione peroxidase 
activity was .81 (P < .01). 
At the end of the 4-week experiment, the remaining pigs (66) were 
killed and the pancreases were removed. Dietary supplementation of 
selenium did not affect weight or protein content of the pancreases. 
Selenium concentration and glutathione peroxidase activity of pancreatic 
tissue was increased (P < .01) by supplementation of selenium. In 
addition, a quadratic increase (? < .05) was observed for. pancreas 
selenium concentration. The correlation between selenium concentration 
and glutathione peroxidase activity of the pancreases was .36 (P < .05). 
The trypsin, chymotrypsin, a-amylase, and lipase activities of pancreatic 
tissue were not significantly affected by selenium supplementation. 
Linear improvements in apparent digestibility of dry matter (P < .01) 
and nitrogen (P < .05) were observed in response to increasing level of 
supplemental selenium. The apparent digestibility of ether extract was 
not significantly affected by treatment. Apparent digestibilities of 
dry matter, nitrogen, and ether extract were greater (? .01) alter 
4 weeks than after 2 weeks on the experiment. 
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APPENDIX A 
Table A.I. Experimental sows, litters, and parity number 
Sow number Litter number Parity^ 
1532 3400 3 
9262 3570 11 
5550 3920 6 
2060 2160 2 
2012 2340 2 
1532 5240 5 
5550 5750 8 
5337 5930 2 
2012 6390 4 
2453 6550 4 
Table A.2. Mean squares for analysis of variance of performance 
Daily Feed 
r. , ^ 1 Feed: gain Source of variance dr gain intake ° 
Total 277 
Mean 1 
Replication (litter) 9 
Selenium level (Se) 4 
Linear 1 
Quadratic 1 
Cubic 1 
Quardic 1 
Period (Per) 3 
Linear 1 
Quadratic 1 
Cub ic 1 
Se X Per 12 
Litter x Se 36 
Litter x Per 27 
Residual 185 
7080355 41958423 3526.1 
23458 107332 3.0 
7444 30384 8.5 
14867 27723 26.8 
12797 51814 6.5 
378 3705 0.2 
1733 38295 0.4 
910360 1833345 322.4 
2696854 5421121 784.7 
8774 21043 162.5 
25451 57070 20.1 
5744 4698 6.1 
13964 35015 4.0 
10604 22503 10.3 
3900 6536 3.6 
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Table A.3. Mean squares for analysis of variance of serum 
glutathione peroxidase 
selenium and 
Source of variance df 
Selenium 
concentration 
GSH-Px 
activity 
Total 248 
Mean 1 0. 2933 28. 00 
Replication (litter) 9 0. 0012 0. 08 
Selenium level (Se) 4 0. 1451 0. 89 
Linear 1 0. 0593** 3. 37** 
Quadratic 1 0, ,0001 0. 11* 
Cubic 1 0. ,0002 0. ,06 
Quardic 1 0. ,0001 0. ,03 
Period (Per) 4 0. 0070 0. 26 
Linear 1 0. 0263** 0. 86** 
Quadratic 1 0, .0002 0. 15* 
•| n 
. OOQn fit 
Quardic 1 0, .0000 0. 01 
Se X Per 16 0 .0018** 0 . 09** 
Litter x Se 36 Q . 0003 n .02 
Litter x Per 36 0 .0001 0 .03 
Residual 142 0 .0001 0 .01 
•k 
? < .05. 
P < .01. 
Table A.4. Mean squares for analysis of pancreas parameters 
Source of variance df Weight 
Protein 
content 
GSH-Px 
activity 
Selenium 
concentration 
Total 65 
Mean 1 13524.2 1.02365 682.6 0.79590 
Replication (litter) 9 43.2 0.00035 27.4 0.00140 
Selenium level (Se) 4 7.6 0.00005 19.0 0.03387 
Linear 1 7.2 0.00003 65.7** 0.13021** 
Quadratic 1 6.1 0.00004 4.5 0.00314* 
Cubic 1 5.9 0.00001 4.7 0.00003 
Quardic 1 11.3 0.00013 
o
 
1—f 
0.00212 
Litter x Se 36 15.7 0.00016 1.6 0.00067 
Residual 16 11.3 0.00006 1.7 0.00032 
^Glutathione peroxidase activity. 
*_ f < .U3. 
** 
P < .01. 
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Log selenium Trypsin Chymotrypsin a-amylase Lipase 
concentration activity activity activity activity 
0.0186 30027020.4 4687163.8 1261.6 526.8 
0.0199 28614.8 52280.5 12.0 4.9 
0.5029 30777.7 2363.6 2.1 2.1 
1.3755** S06S3.2 1526.6 1.7 0.2 
0.0020 3825.8 93.5 6.2 4.9 
0.0006 824.1 6765.3 0.1 1.2 
0.0335 37777.6 1069.0 0.4 2.3 
0.0110 60549.1 9699.5 2.4 2.2 
0.0049 21795.5 2412.4 1.6 0.8 
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Table A.5. Mean squares for analysis of variance ; of digestibility 
Source of variance df 
Dry 
matter 
Nitrogen Ether 
extract 
Total 130 
Mean 1 687884.8 584011.3 236521.8 
Replication (litter) 9 29.9 164.2 336.2 
Selenium level (Se) 4 38.0 140.1 620.3 
Linear 1 131.0** 356.5* 1124.2 
Quadratic 1 .2 6.0 .9 
Cubic 1 .1 32.7 420.9 
Quardic 1 20.6 165.3 935.1 
Period (Per) 1 388.2** 1284.1** 28757.8** 
Se X Per 4 6.9 9.1 195.7 
Litter x Se 36 11.6 49.1 421.5 
Litter x Per 9 16.9 37.2 415.2 
Residual 68 7.8 32.2 222.3 
"? < .05. 
P < .01 
